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ABSTRACT
Wetlands used by nesting birds have traditionally been considered the 
only habitats able to influence natality rates. I examined the 
potential for body reserves (fat, protein, and calcium) acquired on 
spring staging areas to be used for reproduction. My objectives were 
to: 1) describe changes in body reserves during spring, 2) examine 
alternative uses for body reserves in spring migrants, and 3) identify 
where reserves are acquired.
EXxring spring of 1984 and 198? I collected 151 canvasbacks fAvthva 
valisineria) at 3 staging areas: Navigation Pool 19 of the Mississippi 
River; Navigation Pools 7, 8, and 9 of the Mississippi River; and in the 
prairie pothole region of North Dakota. An additional 28 breeding birds 
were collected in the aspen parklands of Manitoba. Pair status was 
determined prior to collection of each bird and all birds were aged.
'The influence of body size on body reserve levels was corrected where 
needed.
Median collection dates occurred just prior to peak canvasback use of 
each staging area. Masses of ovaries, testes, oviducts, and the largest 
follicle diameter increased as spring migration phenology advanced. In 
late migration, ovary and oviduct masses of paired females were greater 
than in umpired females. Testes masses of paired and unpaired males 
did not differ.
Among sites, patterns of change in body reserves did not parallel 
patterns of change in reproductive tissue. Calcium mass of males and 
females did not di' :er among sites regardless of pair status. Protein 
reserves of paired, breeding females were larger than those of unpaired
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migrant females. Paired males in North Dakota had higher protein 
reserves than did jaired males at Pools 7, 8, and 9 or Erickson.
Protein reserves of unpaired males did not differ among various staging 
areas. Fat masses of males and females varied greatly among sites 
during' migration bur pair status had little influence on them.
Paired females airived on breeding areas fat. Males had. more fat and 
protein than did fen ales during migration but the opposite was true for 
breeding females. Flight ranges, estimated from measured levels of 
stored fat, could not allow canvasbacks at any staging area to fly 
non-stop to breeding areas and arrive fat.
Though fat and prctein reserves are acquired during spring, wetland 
habitats located closa to breeding areas would more .ikely influence a 
reproductive effort than would habitats located farther away. Other 
factors such as the energetic costs of migration and fasting through 
inclement weather may require birds to stop frequently during migration 
in order to re-acquire lost reserves. Protection of key staging 
wetlands scattered along the entire migration route may therefore 
directly or indirectly influence natality rates of canvasbacks.
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INTRODUCTION
Studies of waterfowl using habitats outside of the breeding period 
have proliferated over the last 10 years (Fredrickson and Probney 1979, 
Weller 1988). Prior to this time, some authors had contended that avian 
population size is usually limited during the nonbreeding period (Lack 
1966, Fretwell 1972). Understanding how mortality, natality, and 
dispersal rates are influenced by habitat condition throughout the 
■i/anual cycle is therefore important to the proper management of a 
population, especially as habitat losses continue (Tiner 1984). For 
example, annual variations in water availability affect the winter 
distribution of mallards (Anas platyrhynchos) in the Mississippi 
alluvial valley (Nichols et al. 1983). Likewise, variations in annual 
ice extent influence the winter distribution of canvasbacks along the 
Atlantic Coast (Lovvorn 1989). Although body mass of waterfowl is not 
always determined by habitat condition (Reinecke et al. 1982, Hobaugh 
1985, Hepp 1986, Peiry et al. 1986) higher body mass has been reported 
for mallards during wet winters in Mississippi (Delnicki and Reinecke 
1986) and for northern pintails (Anas acuta, Miller 1986) in California. 
Heavy adult male canvasbacks captured in early winter were more likely 
to be recaptured the next winter (Hararais et al. 1986). Within a 
season, heavy adult American black ducks (Anas rubrlpes) survived winter 
better than did lighter birds (Conroy et al. 1989).
Studies linking natality with habitat conditions have focused 
primarily on the breeding grounds. Evidence that habitats used by pre­
nesting birds affect natality rates would include demonstrating that: 1) 
body nutrient reserves influence reproduction and 2) these reserves are
2
acquired before arrival on nesting areas.
In arctic-nesting geese, habitat conditions of pre-nesting birds are 
known to influence natality. Little food is available to Ross' geese 
(Anser rossii) on the nesting grounds until late incubation. Reserves 
acquired from habitats outside the breeding area must therefore 
proximately affect clutch size (Ryder 1970). Body reserves are directly 
correlated to productivity in several goose species (e.g. Ankney and 
Maclnnes 1978, Raveling 1979, Ankney 1984). Various species of geese 
acquire reserves during winter (McLandress and Raveling 1981, Vangilder 
et al. 1986, Ely and Raveling 1989) or spring (Raveling 1979, Ankney 
1982, Thomas 1983) that might be used for reproduction. Spring habitat 
conditions have been correlated with clutch size in snow geese (Anser 
caerulescens, Davies and Cooke 1983) and with number of young surviving 
to fall migration in brant (Branta bernicla, Ebbinge et al. 1982).
For ducks, the extent to which habitats used by pre-nesting birds 
alter natality rates is less clear. Unlike the case for arctic-nesting 
geese, food is available to ducks throughout egg laying and incubation. 
In all duck species studied, body reserves, along with locally available 
foods, are used during reproduction (e.g., Korschgen 1977, Drobney 1980, 
Krapu 1981, Ankney and Afton 1988, Barzen and Serie 1990). Heitmeyer 
and Fredrickson (1981) first proposed that, along with water conditions 
on breeding areas, available wetlands on winter and spring staging areas 
determine mallard population size. Female mallards arrive on their 
North Dakota breeding grounds with large fat reserves which then decline 
as more eggs of initial clutches are laid (Krapu 1981). Mallards 
collected in Iowa during late migration, but not during early or raid-
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migration, have fat reserves as large as those of breeding females in 
North Dakota (LaGrange and Dinsmore 1988).
Given these apparent cross-seasonal effects, where in the annual 
cycle are reproductive reserves acquired? Authors have attributed 
increased body mass at the end of winter (Heitmeyer 1985, Miller 1986) 
or during migration (Gruenhagen 1987, LaGrange and Dinsmore 1988) to 
accumulation of reserves for reproduction. Alternative uses of these 
reserves, however, have not been addressed (see King and Murphy 1985). 
For example, when northern pintails migrate from winter areas they are 
more likely to encounter weather conditions that restrict food 
availability. Both migration and fasting through inclement weather 
could deplete large portions of any energy reserve acquired on winter 
areas (Berthold 1975). In addition, courtship, pairbond maintenance, 
and molt (in females only) of northern pintails occur during spring 
migration (Miller 1986). Clearly, before reserves acquired on winter or 
spring staging areas can be said to influence natality, a closer 
examination of the spring migration ecology of ducks is required.
Female canvasbacks use energy reserves during reproduction (Barzen 
and Serie 1990) and both sexes maintain low energy reserves during late 
winter (Perry et al. 1986, Lovvorn 1987), Use of spring staging areas 
accounts for only 2-3 months of the annual cycle (Bellrose 1978), but 
the condition of these habitats may significantly influence reserves 
available for reproduction.
I collected canvasbacks at several locations throughout spring 
migration to examine cross-seasonal habitat effects on body condition. 
Since pair status and body condition in other duck species are related
(Wisbart 1983, Hepp 1986), paired and unpaired individuals of both sexes 
were collected at each site. My objectives were to: 1) document body 
reserve levels of canvasbacks from early migration through arrival on 
breeding areas, 2) evaluate whether body reserves acquired during spring 
are stored for use during egg laying, 3) describe where nutrient 
reserves are acquired during spring, and 4) relate patterns of nutrient 
acquisition during spring migration to canvasback management.
STUDY AREAS
Canvasbacks were collected at 5 areas in spring (Fig. 1). During 
early migration birds were sampled at Navigation Pool 19 (Keokuk Pool) 
and at Pools 7, 8, and 9 of the Mississippi River. During late 
migration, canvasbacks were collected at 2 physiographic areas within 
the prairie pothole region of central North Dakota: the Missouri Coteau 
and the Drift Prairie. Canvasbacks were also collected soon after 
arrival on their breeding grounds in southwestern Manitoba, near 
Erickson.
Pool 19, a 75-kin stretch of the river between Iowa and Illinois, 
was created in 1913 by a hydroelectric dam. Lower Pool 19 has received 
rich deposits of silt and nutrients from 5 major tributaries (Jackson et 
al. 1981). The silty bottom supports an abundant benthic fauna (Gale 
1969, 1975, Thompson 1973, Day 1984), and in shallow backwater areas 
submersed aquatic plants are increasing (Steffeck et al. 1985). 
Canvasbacks were collected in vegetated and non-vegetated areas 
described by Day (1984) along the west side of Pool 19 between Dallas
4
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City, Illinois; and Montrose, Iowa.
Pools 7, 8, and 9 extend for 123 km near La Crosse. Wisconsin, 
about 350 km north of Pool 19. These pools contain open water (>2500 
ha) and shallow marshes dominated by wild celery (Vallisneria 
araericana), pondweeds (Potamogeton spp.), and arrowheads (Sagittaria 
spp.) (Minor et al. 1977, Korschgen et al. 1988). Birds were collected 
on the backwaters of Pools 7, 8, and 9 between Trempealeau and 
Ferryville, Wisconsin.
In central North Dakota, both the Missouri Coteau and the Drift 
Prairie contain many seasonal and semipermanent wetlands (Sloan 1972, 
Bluemle 1977). Most wetlands where canvasbacks were seen and collected 
were complexes of Class IV-B/C or V-B/C (slightly to moderately 
brackish) wetlands (Stewart and Kantrud 1971). Dominant vegetation 
include Potamogeton richardsonii, P. pectinatus, Ceratophyllum demersum, 
Chara spp., and Zannichellia palustris.
Canvasbacks were also collected near Erickson, Manitoba (about 425 
km north of the Dakota sites) in aspen parkland containing numerous 
potholes and woodlands (Bird 1961, Kiel et al. 1972). Breeding 
canvasbacks used Classes 4 and 5 wetlands for feeding and nesting 
(Stoudt 1982). Characteristic vegetation includes Typha latifolia, 
Scirpus acutus, Scc-lochloa festucacea, Eleocharis spp., Carex spp., 
Myriophyllum exaibescens, Utricularia vulgaris, and Pota 'geton 
pectinatus.
METHODS
Canvasbacks were collected with a shotgun from a floating muskrat 
house or boat blind from February to May, 1984 (Table 1). During April
7
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Table 1. Sites, dates, and sample sizes for After Second Year male and 










Pool 19 25 Feb - 17 Mar 84 10 9 14 9 42
Pools 7, 8, & 9 24 Mar - 30 Mar 84 11 11 12 11 45
Missouri Coteau 9 Apr - 13 Apr 84 4 0 4 0 8
Drift Prairie 10 Apr - 18 Apr 84 7 6 7 0 20
6 Apr - 15 Apr 85 0 0 9 5 14
Manitoba 24 Apr - 3 May 84 13 0 11 0 24
Total 45 26 57 25 153
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1985, a second sample of migrating female canvasbacks was collected in 
the Drift Prairie. Prior to shooting, each bird or pair was observed 
for a minimum of two minutes to determine pair status. Based on display 
descriptions of Palmer (1976), I used the following criteria to 
determine pair status: spatial proximity, inciting by the female and 
response by the male, mutual neck-stretching, copulation behavior, and 
selective threats and chases by pair members.
External Measurements.— Following collection, I immediately weighed 
each bird (+_ 5 g) and removed a blood sample for hormone analyses 
(Barzen and Bluhm, unpubl. data). Birds were aged to Second Year (SY) 
and After Second Year (ASY) by feather characteristics (Serie et al. 
1982) and depth of the bursa of Fabricius (Hochbaum 1942). Eight 
structural measurements were taken on the day of collection before 
freezing each intact carcass: bill length, from the commissural point of 
the two mandibles to tip of the nail; maximum bill width; culmen length, 
from the posterior dorsal extremity of the cere to tip of the nail; 
head/bill length, the maximum distance from bill tip to occipital 
process; tarsus length, from the proximal, lateral process of the 
tarsometatarsus to distal point of the joint with digits decurved; body 
length, from tip of bill to base of the longest rectrix with the bird 
held firmly on its back; keel length (taken subcutaneously); and folded 
wing length (wing cord), from flexed wrist to distal tip of the longest 
primary with the wing flattened. All measurements were to the nearest 
0.1 mm except for wing cord and body length (nearest 1 mm).
Internal Measurements and Body Composition.— After thawing, I 
removed the bill, tongue, scaled portion of the feet, feathers (Lovvorn
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and Barzen 1988), intestinal contents, and reproductive tissue. 
Esophageal contents were preserved and analyzed separately (Barzen and 
Korschgen, MS). The Bursa of Fabricius was measured (+_ 1 mra) and the 
wet masses (4^0.1 g) of testes, oviducts, and ovaries were recorded.
The largest three follicle diameters for each ovary were also recorded 
(+0.1 mm) as was follicle color (Romanoff and Romanoff 1949).
Medullary bone was estimated in both males and females by scoring 
the extent of medullary tissue in a cross section of the mid-left femur. 
I followed categories of Campbell and Leatherland (1983:11) except that 
their order of scoring was reversed: thus 1 = least medullary tissue, 3 
= most.
Dissected carcasses were refrozen, ground with a meat grinder 3 
times, and mixed in a blender. A 30-50 g random sample was withdrawn 
from the wet homogenate, dried to constant mass at 75° C to determine % 
moisture, then ground to a powder. After redrying this ground 
homogenate to constant mass at 90° C (Kerr et al. 1982), fat was 
extracted from two 3-g sub-samples per bird using a Randall extraction 
apparatus (Randall 1974). Petroleum ether was used as a solvent because 
it removes predominantly neutral lipids (here called fat) and little 
protein (Dobush et al. 1985). I then ashed extracted samples to 
constant mass at 600° C.
I estimated protein reserves by subtracting ash from lipid-free dry 
mass. Carbohydrates and lipids not extracted by ether (e.g. 
phospholipids) are included in this estimate but comprise < 3% of the 
tissue (Drobney 1982. Robbins 1983:207-208),, Remaining ash was 
dissolved in concentrated nitric acid, diluted with deionized water and
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lithium chloride, and analyzed for calcium in a plasma emission 
spectrometer (Reednick 1979).
Spring Phenology.— Within one staging area, the body condition of 
waterfowl can change in relation to migration phenology (LaGrange 1938, 
Serie and Sharp 1989). To describe the phenology of each staging area,
I used censuses conducted throughout the study period. Aerial surveys 
were conducted weekly ir. 1984 at Pool 19 by the Illinois Natural History 
Survey and at Pools 7, 8, and 9 by the U.S. Fish and Wildlife Service. 
Canvasback3 were r^nsused in North Dakota during 1985 from a car along 
all major canvasback concentration sites within the Drift Prairie.
These areas were identified from an aerial survey conducted April 8, 
1985.
Where migration areas and nesting grounds overlapped, I used 
follicle color in the ovary to distinguish migrants from breeding birds. 
Yolk deposition begins the rapid growth phase of follicles (Gilbert 
1971) when follicle color changes from gray to yellow (!'omanoff and 
Romanoff 1949).
Migration Ranges.— Maximum flight range was estimated using fat 
reserves from canvasbacks collected at each site and a computer model of 
flight energy requirements (Pennycuick 1989) based on Pennycuick’s 
(1975) power curve. My calculations assumed that neither weather 
conditions nor respiratory water loss affected flight distance. Average 
wing span (Pennycuick 1989) was determined from 12 ASY female (851 mm) 
and 9 ASY male (890 mm) captive canvasbacks. An air density value for 
1000 feet above sea level was also used.
Statistical Analysis.— Structural size can confound important
variation in the nutrient reserves of birds (Alisauskas and Ankney 
1937). Before analysis, I attempted to adjust for this variation by 
using procedures outlined in Ankney and Afton (1988). This involved 
principal component analysis (SAS 1985) of 8 morphological measurements 
for males and females combined (Table ?), I used the first principal 
component (PCy) as a measure of body size and regressed the variables in 
Table 3 on PCj for males and females separately. When body tissue 
variables were related to body size, residuals from these regressions 
(lobs ~ [§_ + i'.CPCj)]) were used to calculate a new value (y^), corrected 
for body size, where:
Xi = Xobs ~ [a + k(pcl)3 + Xobs*
Eight birds had at least 1 morphological measurement missing. To 
avoid eliminating these birds from the principal component analysis, I 
used other measures cf size to predict each missing datum. All 
regressions used were significant (P < 0.001). Subcutaneous keel length 
was predicted from dorsal length once, wing cord was predicted from wing 
width twice, dorsal body length was predicted from body length measured 
along the ventral side of each bird twice, tarsal length was predicted 
by a joint-to-joint measure of the tarsus twice, and head/bill length 
was predicted by bill length 3 times.
Changes in reproductive tissue for males and females were analyzed 
in a 2-wav ANOVA (PROC GLM, SAS 1985) using location and pair status as 
class variables. Natural log transformations of gonad and oviduct mass 
were made to stabilize variances. I analyzed changes in body mass and 
nutrient reserves (fat, protein, and calcium) using a 3-way ANOVA with 
location, pair status, and sex as class variables. Size-adjusted values
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Table 2. First principal component from an analysis of the correlation 






















were used where appropriate (Table 3). I used Tukey’s Honestly 
Significant Difference Test to compare all means (Sokal and Rohlf 1981). 
RESULTS
Birds used in this study.— Data from 179 canvasbacks collected for 
this study are listed in the Appendices I and II. Of these birds, 26 
were excluded from my analysis. Sixteen canvasbacks were too young (SY 
vs ASY). Five birds were collected accidentally; 3 birds were of 
unknown pair status and 2 paired males were collected in 1985 when only 
females were being studied. Two females were physiologically abnormal: 
#001 had an intestinal impaction (possibly gangrenous) near the cecal 
junction, and #127 had failed to initiate prebasic molt (Lovvorn and 
Barzen 1988). Most of the latter bird’s contour feathers were worn in 
half (no other bird collected had feathers this worn) and several 
tuberosities were noted on the proximal portion of the culmen. Two 
females (#112 and 205) and the mate of #112 (#113) collected in North 
Dakota were excluded because they were breeders rather than migrants 
(see analysis of reproductive tissue below). Thus, 153 birds (Table 1) 
were used in all subsequent analyses unless otherwise noted.
The Missouri Coteau and the Drift Prairie (Fig. 1) are close enough 
geographically to allow interchange of migrating birds. Data from these 
2 sites were combined and labeled as North Dakota.
I wa~ unable to collect unpaired females in North Dakota during 1984 
so birds were sampled from this staging area again in 1985. Paired 
females were collected during both years to evaluate annual variation
14
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Table 3. Relationship between body composition and reproductive tissue 
(Y), and structural size (X). Structural size was estimated by first 
principal component (PC]̂ ) scores fcr 82 females and 71 males.
Variable3 Intercept Slope Pb
Females:
Body mass 1283.0 26.63 0.103 0.003
Fat mass 122.0 0.92 0.0005 0.845
Protein mass 218.0 2.30 0.050 0.043
Calcium mass 12.0 -0.05 0.001 0.750
Ovary mass 1.5 0.08 0.007 0.457
Oviduct mass 2.6 0.01 0.0000 0.974
Largest ovum 
diameter0 5.8 0.13 0.006 0.515
Males:
Body mass 1235.4 36.45 0.236 0.0001
Fat mass 122.3 7.21 0.032 0.134
Protein mass 216.1 5.20 0.244 0.0001
Calcium mass 12.8 0.70 Oil 18 0.003
Testes mass^ 2.6 -0.12 0.003 0.658
a Mass in g, diameter in mm. 
b F_ < 0.05 was considered significant.
c N o 78.
^ Testes mass - the combined mass of both testes.
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(Table 1). Using t-tests, paired females collected in 1984 and 1985 did 
not differ in corrected body mass (P_= 0.93), fat mass (P = 0.52), 
corrected protein mass (P_= 0.71), calcium mass (P_« 0.26), ovary mass 
(P * 0.18), oviduct mass (P_= 0.58), or diameter of largest follicle (P 
= 0.43). Thus, the 2 samples were pooled. Unpaired birds were not 
collected at Erickson. Unpaired females were not seen in 1984 and the 
pair status of males was difficult to determine because mates of paired 
males often disappeared for long periods into the vegetation while 
searching for nesting sites.
Migration Phenology.— To compare birds collected at different 
staging areas, I collected them prior to peak migration in each of the 3 
migration areas (Figs. 2 and 3),
It was also important that breeding birds be collected at Erickson 
as soon after arrival as possible. During 1984, the average date of 
first sighting for marked adult female canvasbacks at Minnedosa, a 
breeding area located 30 km south of Erickson, was 28 April (M.G. 
Anderson, unpubl. data). Arrival dates for these birds ranged from 13 
April to 23 May. At Erickson, I collected birds from 24 April to 3 May 
in 1984. The average date of collection was 29 April.
Changes in reproductive tissue.— Follicle color was yellow in 12 
females, 2 from North Dakota and 10 from Erickson. There was no overlap 
between largest follicle diameter and change in follicle color even 
though ovary mass varied greatly (Fig. 4). Use of either follicle color 
or follicle diameter is likely a good indicator of when rapid follicle 
growth has begun. The 2 females collected in North Dakota with 
developing follicles (plus a male paired with one of the females) were
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Figure 2. The number of canvasbacks seen during aerial surveys in 
spring 1984 at Pool 19 and Pools 7, 8, and 9 of the Mississippi River.
Horizontal lines indicate the range of days during which canvasbacks 


















Figure 3. The number of canvasbacks counted from a roadside census 
of known staging habitats in the Drift Prairie of North Dakota during 
spring 1985. See Figure 2 for legend.
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Figure 4, Relationship between diameter of the largest ovarian 
follicle and ovary mass. Measurements are from canvasbacks collected in 



























excluded from further analysis.
Follicle color also indicated that 10 of 11 adult females collected 
at Erickson were breeders and not migrants. An additional female 
collected from Erickson was included as a breeder even though her 
follicle color was not yellow. This female (and her mate) was watched 
for 32 minutes before collecting. During this time, she was chased by 
her mate, who was also highly aggressive towards several other pairs. 
This behavior was seen only at Erickson and never in migrants farther 
south.
I found that site explained significant variation in masses of 
ovaries, testes, and oviducts, as well as in largest follicle diameter 
(Table 4). All 4 variables increased as migration progressed (Tables 5 
and 6). Data related to reproductive tissue for each bird are listed in 
Table 7 (Appendix I). Masses of ovaries (Fig. 5a), oviducts (Fig. 5b), 
largest follicle diameters (Fig. 5c), and testes (Fig. 6) increased with 
advancing date. The rate of reproductive tissue development during late 
migration was also higher than the rate of development early in 
migration (Figs. 5a-c and 6).
Pair status also influenced ova~y and oviduct mass (Table 4). The 
ovaries and oviducts of paired females were larger than those of 
unpaired females but only in North Dakota during late migration (Table 
5). In contrast, pair status, or an interaction between pair status and 
site, failed to explain variation in testes mass and largest follicle 
diameter among sites (Table 4).
Medullary bone was found in 5 of 11 females collected at Erickson.
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Table 4. Probability levels ̂ P) for variables used in analyses of variance with 
reproductive tissues and body composition. For canvasbacks collected during spring 1964- 
1985 a 2-way ANJVA (site and pair status a3 nain effects) was used to caipare changes in 
reproductive tissue, A 3-wav ANCVA (site, pair status, and sex as main effects) was 
applied to changes in body cog position. There were 4 sites and 2 levels of pair status 
(see text).











Ln (ovary mass) 0.0001 0.04 0.02
La (testes mass) 0,0001 0.44 0.16
Ln (oviduct mass) 0.0001 0.003 0.09
Diame ter of
largest follicle 0.0001 0.76 0.70
BODY CCMPGSmON
Corrected body mass 0.0001 0.08 0.0001 0.004 0.0003 0.31 0.48
Fat mass 0.0001 0.14 0.005 0.12 0.006 0.89 0.91
Corrected protein mass 0.02 0.02 0.0001 0.01 0.12 0.06 0.65
Calciun mass3 0.19 0.16 0.0001 0.51 0.31 0.41 0.45
aCalcium ness was corrected for body size in males but not in fscales (see text).
Table 5. Ccn̂ arisons of mean reproductive tissue and body composition data (+_ 1 standard error) for paired and unpaired, After 
Second Year, female canvasbacks, collected from 3 spring staging areas and one breeding area. Canvasbacks were collected at Pool 
19 in early March; at Pools 7, 8, and 9 in late March; at North Dakota in early April; and at Erickson in late April. All 
samples v*are from 1984, except in North Dakota, where females were collected in both 1984 and 1985. Corrections for body size 
(see Table 2) and natural log transformations (to stabilize variances) were made when appropriate. Values within rows having 
identical letters tire significantly different (P_< 0.05, Tukey's honestly significant difference).
















Ln(ovary mass) g -0.523 + 0.09 
A
-0.446 + 0.09 
B
-0.172 + 0.09 
C
-0.241 + 0.08 
D




1.307 + 0.10 
ABCDE
Ln(oviduct mass) g -0,040 + 0.06 
AF
-0.095 + 0.07 
BG
0.335 + 0.09 
CFG
0.122 + 0.10 
D
0.805 + 0.07 
ABCDE
0.257 + 0.19 
E




3.54 + 0.3&* 
AG
3.59 + 0.74b 
EH
4.77 + 0.29 
C
4.99 + 0.31 
D
5.86 + 0.17 
EEH
5.20 + 0.77 
F




1229 + 25.3 
A
1238 + 25.8 
B




1274 + 21.1 
BGHE
1178 + 26.9 
FG
1340 + 24.6 
ABOT
Fat mass (g) 143.2 + 11.6 
AHI




70.2 + 8,6 
DUG
125.0 + 10.3 
ELG
89.5 + 4.3 
ABF




213.6 + 3.3 209.2 + 3.0 
A'
212.7 + 3.0 206.1 + 3.6 
B
219.2 + 3.0 
C
204.6 + 3.0 
CD
222.5 + 3.2 
ABD
Calciun mass (g) 11.2 + 0.53 12.3 + 0.56 11.4 + 0.53 
A
12.8 + 0.30 
A
12.2 + 0.40 11.6 + 0.46 12.9 + 0.53
a N » 12.
b N - 7.
Table 6. Ccnpariscxis of mean reproductive tissue and body composition data (+ standard error) for paired and unpaired, After 
Second Year, male canvasbadcs, collected from 3 spring staging areas and one breeding area. Migration phenology as in Table 5. 
All samples were frcra 1984. Corrections for body size (see Table 2) and natural log transformtions (to stabilize variances) 
were made where appropriate. Values witMn rows having identical letters are significantly different (P_< 0.05, Tukey’s honestly 
significant difference).
















Ia( testes mass) g -0.594 + 0.17 
AF




-0.394 + 0.08 
BDE
0.351 + 0.13 
AB
1.046 + 0.17 
EF




1330 + 18.8 
A
1349 + 17.1 
B
1247 + 14.6 
ABC
1291 + 16.2 
C
1380 + 26.3 
CEE
1285 + 32.9 
D
1278 + 19.5 
E
Fat mass (g) 168.5 + 10.5 
AD
168.0 + 13.9 
BC
106.7 + 14.0 
AC
103.0 + 10.8 
BD
158.3 + 15.2 
CD
126.3 + 9.0 132.1 + 11.6
Corrected protein 
mass (g)
225.5 + 1.8 232.1 + 3.8 222.9 + 1.8 
A
226.4 + 4.1 234.0 + 3.6 
ABC
221.6 + 3.5 
B




14.5 + 0.46 14.8 + 0.88 14.0 + 0.51 14.1 + 0.74 13.6 + 0.50 13.9 + 0.78 14.7 + 0.63
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Figure 5. Relationship between ovary mass (a), oviduct mass (b), 
and diameter of largest follicle (c), and calendar date for canvasbacks. 
Median collection date for each study area is on the abscissa. Means 
for females collected 1984 and 1985 at North Dakota are plotted but the 



















10 15 20 25 30 4 9 14 i9 24 29 4 9











Figure 6. Relationship between testes tiass and calendar date for 
Cf .vasbacks collected in 1984. Median collection date for each location 










- #  UNPAIRED
0
10 15 20 25 30 4













Four females had bone scores of 1 while one bird a score of 2. No other 
birds had developing medullary tissue.
Changes in body composition.— Body mass and protein mass were 
corrected for variations in structural size within each sex (Table 3). 
Calcium mass was corrected for males only because PCj, relating 
structural size parameters to calcium mass, was not significant in 
females (Table 3). Body composition data are listed for each bird m  
Table 8 (Appendix). Sex explained significant variation in the analysis 
of corrected body mass, fat mass, corrected protein mass, corrected 
calcium mass (males), and calcium mass (Table 4). In general, males 
were heavier, fatter, had more protein, and had more calcium than did 
females (Tables 5 and 6). Because only 7 of 82 females (8%) loaded into 
PC^ with positive scores and 5 of 71 (7%) males loaded into PC^ with 
negative values, differences in body size likely explain most 
differences in the body composition seen between males and females.
Corrected body mass, fat mass, and protein mass changed among sites 
during spring migration (Table 4) but did not increase with advancing 
calendar date (Fig. 7 a-e) as did reproductive tissue (Figs. 5 a-c and 
Fig. 6). Calcium reserves did not vary significantly (Table 4, Fig.
7d). Within a site, paired and unpaired birds differed only in 
corrected body mass and corrected protein reserves, and this was true 
only in North Dakota (Tables 5, 6).
Though pair status did not help predict overall changes in corrected 
body mass, the interaction between site and pair status was significant 
(Table 4). Changes in fat reserves for birds of different pair status 
among sites were similar in pattern to changes in corrected body mass
32
Figure 7. Relationship between masses of corrected body (a), fat 
(b), corrected protein (c), and calcium (d), and calendar date for 
canvasbacks collected in 1984 and 1985. Calcium content was corrected 
for structural size in males but not females. Median collection date 
for each location is noted as in Fig. 5. Legend: paired females,
0-----0; unpaired females, 0-----0: paired males, ®_____unpaired
males,
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(Fig. 7 a-b) but unpaired birds were not significantly leaner than 
paired birds (Table 4). Unpaired males and females were not leaner than 
paired individuals (P_ *■ 0.16, males; P_ = 0.10, females) in North Dakota. 
Lack of significance in this test may have been due to small sample size 
for unpaired females (N_= 5) and males (N_= 6). The differences in 
corrected body and protein mass between unpaired and paired birds in 
North Dakota parallels the divergence of ovary and oviduct mass between 
paired and unpaired birds at the same location. This similarity is 
striking because the overall pattern of change in reproductive tissue 
(Fig. 5 a-b) differed distinctly from that of body composition among 
locations (Fig. 7 a-c).
The change in corrected body mess and lack of change in fat mass of 
males between North Dakota and Erickson did not parallel changes in 
similar parameters for females (.site x sex interaction, Table 4). 
Corrected body mass of paired females did not change between North 
Dakota and Erickson (P_= 0.18) while corrected body mass of males 
declined (Table 6). Fat mass of paired females increased between North 
Dakota and Erickson (Table 5) while the fat mass of males did not differ 
(P_> 0.2). This interaction between site and sex was so pronounced that 
Erickson females were heavier and fatter than males (Fig. 7 a-b) even 
though males were structurally larger than females.
Estimated flight ranges.— In canvasbacks, only females show a strong 
tendency to return to their natal areas (Anderson 1985a). During 
spring, paired males must therefore be migrating to an unknown 
destination because they are following their philopatric mate. I used 
the smallest, average, and largest fat mass of females from each staging
area to estimate maximum ranges of nonstop flight. Females with maximum 
fat levels staging at Pool 19 or Pools 7, 8, and 9 could migrate nonstop 
to the edge of their breeding range in North Dakota (Fig. 8 a-b).
Females with average fat levels at Pool 19 or P00I3 7, 8, and 9 would 
not be able to migrate to North Dakota without stopping to replenish fat 
reserves. Females collected at North Dakota could migrate well beyond 
Erickson (Fig. 8c) but would have to stop enroute to breeding areas 
located in the Northwest Territories or in Alaska (Bellrose 1978). 
DISCUSSION
Assumptions.— In collecting unmarked birds, I did not know where 
each bird came from, where it was going, or how long it had been on the 
site. To compare samples from each study area, I assumed all birds came 
from 1 genetic population. My assumption is supported by banding data. 
Of 289 bands recovered from canvasbacks marked in an 1800 km^ breeding 
area near Erickson (1944-1985), 134 (46%) were recovered from 2 distinct 
migration corridors and winter areas (Serie et al. 1983). Ninety-five 
(33%) were recovered from Lake Michigan to the Atlantic Coast, and 39 
(13%) were recovered from ruol 19 to the Gulf of Mexico (USFWS Bird 
Banding Lab). Four other birds (1%) were recovered from a wintering 
area in California (Bellrose 1978). Once a male or female establishes a 
winter area, there is a high probability that it will return in 
following years (Nichols and Haramis iCSO, Serie et al. 1583). Females 
also return to their natal areas to breed but males do not (Anderson 
1985a). Gene flow between the 2 wintering groups could still be 
restricted if pairing occurs only when these 2 groups are separated. 
Pairing and courtship occurs in spring and continues well beyond the
35
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Figure 8. Maximum (-----), average (_____ ), and minimum (••*••)
flight ranges for female canvasbacks leaving staging areas of Pool 19 
(a); Pools 7, 8, and 9 (b); and North Dakota (c). Numbers adjacent to 
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point where the 2 winter groups merge enroute to breeding areas (Weller 
1965, Anderson 1984, Lovvorn 1987, 1989). Males from either winter 
group can thus pair with females returning to breed at Erickson.
J also assumed that I could distinguish between migrants and 
breeding birds at each study site. Canvasbacks do not breed near Pool 
19 or Pools 7, 8, and 9 (Bellrose 1978, Godfrey 1986) but they do breed 
near staging areas in North Dakota (Bellrose 1978). Anderson (1985b, 
pers. comm.) reported that over 2 non-drought years an average of 13.1 
days (range = 7-19, n_= 19) occurred between the first day a marked, ASY 
canvasback was seen on the breeding grounds and the day that 
individual’s first egg was laid. Since most of the rapid follicle 
growth in canvasbacks takes a minimum of 7 days (Barzen and Serie 1990), 
rapid follicle growth dees not likely begin until females arrive on 
their breeding area.
Body condition of birds arriving on breeding areas.— Average fat 
mass of Erickson females at the beginning of rapid follicle growth (170 
g) was lover than the 205 g of fat found in females just prior to laying 
at the nearby area of Minnedosa, Manitoba (Barzen and Serie 1990).
Still, 2 of 11 Erickson females had fat reserves greater than 205 g 
(Table 3). In addition, Erickson females had a larger fat mass than did 
migrants (Table 5) and were similar to females in the 3ame stage of 
reproduction collected at Minnedosa (142 g, Barzen and Serie 1990) and 
at Ruby Lake, Nevada (182 g, Noyes and Jarvis 1985). Migrating female 
canvasbacks acquire fat reserves on staging areas that can be used for 
reproduction. The size of this reserve in at least some individuals is 
sufficient to supply all the energy needed during the initial nesting
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attempt (Barzen and Serie 1990).
Erickson females had protein reserves similar to pre-laying, ASY 
females in Nevada (Noyes and Jarvis 1985) and in Minnedosa (Barzen and 
Serie 1990). Protein reserves of ASY females on Pamlico Sound were 
higher in late winter than in early winter (Lovvorn 1987) and were 
similar to ASY females at Erickson. As with fat reserves, females were 
arriving on breeding grounds with large protein reserves relative to the 
amounts needed during reproduction (Noyes and Jarvis 1985, Barzen and 
Serie 1990). Calcium reserves of breeding and migrant ASY female 
canvasbacks from this study were similar to ASY females throughout 
reproduction except during laying (Barzen and Serie 1990).
The decline of corrected body mass and corrected protein mass in 
paired ma^es between North Dakota and Erickson (Table 6) was paralleled 
by a non-significant trend in fat mass (Fig. 7 a-c). Loss of these body 
components continued thxough the breeding period (Barzen and Serie 
1990). If nutrient reserves of males are used for reproduction then the 
timing of reproductive investment of males 1Ikelv differs from females 
as predicted by Anderson (1984).
Where are nutrient reserves acquired?— In migrants, fat reserves can 
be considered a reproductive reserve only if other costs during 
migration do not require the use of stored energy or protein. Fasting 
through periods of inclement weather, courtship and pairbond maintenance 
(Weller 1965, Anderson 1984, Lovvorn 1987), molt (Lovvorn and Barzen 
1988), and migratory flight all occur during spring in canvasbacks.
What is the potential of these events to deplete reserves otherwise 
usable for reproduction?
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Canvasbacks eat benthic foods during spring (Lovvcrn 1987; Barzen 
and Korschgen, MS) and availability of these foods can be influenced by 
ice cover (Lovvorn 1989). Sudden low temperatures can quickly cover 
shallow-water feeding areas or entire wetlands with ice. If access to 
foods was severely restricted by ice, canvasbacks could either fast 
until ice cover declined or retreat from the area.
To determine how long a canv.-sback could fast, I estimated the 
standard metabolic rate (SMR) of male and female canvasbacks by 
interpolating from Aschoff and Pohl’s (1970) regression of body mass on 
calculated SMR for non-passerines. Usable energy derived from each gram 
of fat is 39.54 kj/g (Ricklefs 1974). I assumed that canvasbacks during 
a severe storm would do nothing but loaf in water at 5° C and follow an 
8:16 hour restiactive metabolic cycle. Canvasbacks at rest in 5° C 
water must use additional energy equal to 3.7 x SMR to thermoreguiate 
(Takekawa 1987). This thermoregulatory increment excludes convective 
effects of wind. At North Dakota, where migrants were heaviest, male 
canvasbacks had an average body mass of 1380 g and an average fat mass 
of 158 g. They could fast for an estimated 3.8 days by metabolizing all 
body fat and no protein. Females averaged 1274 g and with 125 g fat 
they could fast for an estimated 3.1 days.
Pair formation, pairbond maintenance, and courtship could require 
the use cf energy reserves if this behavior consumed a large portion of 
the daily energy budget. Behavior associated with pairing accounts for 
only a small portion of the daily time budget during spring (Day 1984, 
Anderson 1984, Lovvorn 1989) and a small portion of the hypothetical 
cumulative reproductive effort (Anderson 1984). The amount of time
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migrants spent in social interactions (Lovvorn 1989) also did not differ 
from the amount of time post-arrival birds spent in the same behavioral 
category (Anderson 1985b) even though females were either maintaining 
their fat mass or increasing it prior to egg laying (Barzen and Serie 
1990).
Even though the amount of time spent courting may be small relative 
to the daily activity budget, the pairing status of males or females 
could still influence the size of a birds energy reserve. Paired males 
foraged more than unpaired males in spring but paired and unpaired 
females did not differ in foraging rates (Lovvorn 1987). Paired and 
unpaired birds of either sex, however, did not differ in body condition 
during early migration (Lovvorn 1987, this study). In late migration, 
paired females had greater fat mass than did unpaired females (Table 5).
Being paired might enhance a female’s foraging efficiency (e.g.
Afton and Savler 1982, Paulus 1983, Hepp and Hair 1984). The divergence 
in body condition between paired and unpaired females during late 
migration combined with parallel changes in ovary and oviduct mass 
support an alternate hypothesis. Photoperiod-endocrine relationships in 
migrants might be altered by individual variation at different breeding 
latitudes (Lovvorn and Barzen 1988). Canvasbacks nest from Minnesota to 
northeastern Alaska (Bellrose 1978). This wide range of breeding 
latitudes could result in appreciable differences in chronologies of 
pairing, molt, and nutrient storage through varied rates of 
photopericdic response (Williamson and Emison 1971). Unpaired females 
at North Dakota may simply have had farther to migrate before nesting 
than did paired females collected in the same areas (Lovvorn and Barzen
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1988). Acquisition of fat by paired and unpaired migrating males may 
differ less because they are following their philopatric mate to 
breeding areas (Anderson 1985b). Large fat reserves could act as a 
hedge against unknown migration distances and unknown habitat conditions 
(Barzen and Serie 1990). The lack of difference in testes mass between 
paired and unpaired males further supports this contention.
In canvasbacks SY males and females of either age class molt non­
flight feathers extensively during spring migration (Lovvorn and Barzen 
1988). If nutrient reserves in these birds are required for molt then 
fat, protein, or calcium reserves should be negatively related to molt 
intensity. Outside the laying, incubation, and wing molt periods, 
nutrient reserves of canvasbacks were either directly related to molt 
intensity or varied independently of it (Lovvorn and Barzen 3988). It 
is not likely that the costs of molt during spring would require 
extensive use of nutrient reserves.
In contrast, the cost of flight during migration could be large 
relative to the energy reserves carried by each bird. During spring, 
female canvasbacks returning to known breeding grounds have maximum 
predicted flight ranges of about 1000 km (Fig. 8). If females migrated 
large distances at one time, they should arrive on breeding grounds 
lean. Female canvasbacks arrived at Erickson with moderate to high 
levels of fat. Unless the flight model is grossly inaccurate, these 
data suggest that canvasbacks stop frequently during migration to re­
acquire fat reserves.
The energetic needs for fasting through inclement weather, non-stop 
migratory flight, and storage for reproduction could each deplete large
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portions of the energy reserves contained in female canvasbacks during 
spring. Thus, for any one female, those staging areas located close to 
her breeding area will likely have the greatest probability of affecting 
her ability to reproduce. Energy acquired on staging areas located 
farther from her breeding area may be important in restoring reserves 
depleted from extended non-stop flights or from periods of inclement 
weather. Where staging and nesting areas overlap for different groups 
of birds, energy reserves could be acquired for use in fasting, flight, 
and reproduction.
In contrast to patterns of change in fat reserves, protein reserves 
acquired by paired females in late winter or early migration increased 
or remained stable throughout migration (Fig. 7 c). Unless protein is 
metabolized for energetic needs during migration, it may be acquired 
during migration or perhaps during winter in at least some individuals.
Applications to management.— The importance of change in body mass 
can be better understood by comparing changes in body mass throughout 
the annual cycle (Weller 1957, Milne 1976, Ankney 1982, Reinecke et al. 
1982, Hohman et al. 1988). Body mass of both sexes peak twice annually, 
both times occurring during late migration or just afterwards (Fig. 9). 
Because nutrient reserves acquired in spring may affect natality rates 
both directly through their effect on renesting effort or indirectly 
through influencing the probability of survival, reserves acquired 
during this brief period may have a disproportionate effect on 
population size. Compared to habitats encountered during other portions 
of the annual cycle, canvasback populations may be acutely sensitive to 
changes in the quality or quantity of staging habitats. Staging
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Figure 9. Annual pattern of body "mass (g) for After Second Year
male (®____ •) and fen3le (0-----0) canvasbacks. These data are from
winter (Lovvor.n 1987), spring migration (Lovvorn 1987, this study), 
breeding (Barzen and Serie 1990), flightless molt period (Yocora 1979), 
early fall migration (Marshall and Harris 1953), mid fall migration (R. 
Hier, unpubl. data), late fall migration (Serie and Sharp 1989). Sample 
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canvasbacks are constrained to less disturbed wetland habitats because 
of their dependance upon benthic foods (Barzen and Korschgen, MS). In 
contrast, staging puddle ducks such as mallards are able to utilize 
abundant dry (Bossenmair and Marshall 1958, Sugden 1979, Gruenhagen 
1987) or flooded grain fields (La Grange 1985, Gruenhagen 1987) in 
addition to less disturbed wetland habitats.
Examples of this sensitivity by canvasbacks to change in staging 
habitat quality have been seen at least twice since European settlement 
of North America. In the late 1800's several large, shallow lakes in 
southern Wisconsin were dammed. The subsequent small rise in water 
levels apparently caused a proliferation of submerged aquatic plants 
that attracted large numbers of staging canvasbacks. Prior to this, 
these lakes were not used by canvasbacks (Kumlien and Hollister 1951).
Use of southern Wisconsin lakes by staging canvasbacks continued 
until the late 1960's when canvasbacks increased their use of Pools 7,
8, and 9 as the quality of the southern Wisconsin lakes declined (Jahn 
and Hunt 1964, Green 1975). Parallel to these changes in Wisconsin, 
Smith (1946) speculated that as some staging areas in Minnesota (Heron 
Lake, Pomme de Terre, Lake Shetek) deteriorated during the early 1900’s, 
Lake Christina was used to a greater degree by migrants. By the late 
1970’s however, Lake Christina no longer supported large numbers of 
staging canvasbacks (Minnesota Department of Natural Resources, unpubl. 
data).
To prevent a decrease in natality rates of canvasbacks, good quality 
staging habitats that are located close to major breeding areas should 
be protected. Since canvasbacks might be able to fast for only
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relatively short periods of inclement weather, mortality rates during 
spring or fall may also be influenced by protecting key staging areas 
stratified throughout the migration route as has been done for 
shorebirds (Charadrii, Myers et al. 1987). This strategy would allow 
birds to usurp less fat during migratory flight and therefore maintain 
larger fat reserves that could be used for surviving through periods of 
inclement weather.
APPENDIX I





















K F P ASY 2 84 61 0.48 -0.7340 1.06 0.0583 2.98K F P ASY 5 84 67 0.73 -0.3147 0.61 -0.4943 4.00K F P ASY 10 84 63 0.70 -0.3567 1.05 0.0488 1.89K F P ASY 14 84 ' 69 0.56 -0.5798 1.30 0.2624K F P ASY 16 84 70 1.20 0.1823 1.24 0.2151 5.72K F P ASY 20 84 57 0.33 -1.1087 0.74 -0.3011 1.74K F P ASY 24 84 60 0.41 -0.8916 0.81 -0.2107 2.38K F P ASY 25 84 61 0.61 -0.4943 0.60 -0.5108 4.66K F P ASY 26 84 62 0.49 -0.7133 1.33 0.2852K F P ASY 30 84 75 0.60 -0.5108 0.81 -0.2107 3.17K F P ASY 31 84 75 0.89 -0.1165 1.46 0.3784 5.03K F P ASY 41 84 76 0.58 -0.5447 1.42 0.3507 3.10K F P ASY 51 84 72 0.51 -0.6733 0.95 -0.0513 3.78K F P ASY 53 84 75 0.63 -0.4620 0.68 -0.3857 4.10K F P SY 22* 84 60 0.24 -1.4271 0.76 -0.2744 2.27K F U ASY 1* 84 58




Sitea Sex status^3 Agec ber^
Julian 
Year date
K F U SY 27* 84 65
K F U SY 29* 84 72
K M ? ASY 3* 84 62
K M ? ASY 4* 84 62
K M P ASY 11 84 63
K M P ASY 15 84 69
K M P ASY 17 84 70
K M P ASY 23 84 60
K M P ASY 32 84 75
K M P ASY 34 84 76
K M P ASY 35 84 77
K M P ASY 42 84 76
X M P ASY 44 84 77
K M P ASY 54 84 75
K M U ASY 0 84 56
K M u ASY 19 84 75
K M u ASY 28 84 65
K M u ASY 33 84 76
K M u ASY 40 84 75
K M u ASY 43 84 76
K M u ASY 45 84 77
X M u ASY 46 84 77
X M ll ASY 47 84 77
L F p ASY 37 84 84
L F P ASY 39 84 85




































0.97 -0.0305 1.59 0.4637 5.50
0.98 -0.0202 1.41 0.3436 3.85










L F P ASY 58 84 85
L F P ASY 60 84 86
L F P ASY 66 84 89
L F P ASY 67 84 89
L F P ASY 70 84 85
L F P ASY 71 84 86
L F P ASY 75 84 87
L F P ASY 77 84 89
L F P ASY 79 84 90
L F P SY 89* 84 89
L F U ASY 48 84 84
L F u ASY 62 84 87
L F u ASY 63 84 87
L F u ASY 64 84 87
L F u ASY 65 84 88
L F u ASY 74 84 86
L F u ASY 84 84 87
L F u ASY 85 84 87
L F u ASY 86 84 87
L F u ASY 87 84 88
L F u ASY 88 84 88L F u SY 36* 84 84
L F u SY 55* 84 84
L F u SY 83* 84 86L M p ASY 38 84 84L M p ASY 57 84 84













0.80 -0.2231 1.28 0.2469 4.191.18 0.1655 2.01 0.6981 6.300.53 -0.6349 1.21 0.1906, 3.591.60 0.4700 2.05 0.7178 6.40
0.80 -0.2231 1.23 0.2070 3.96
0.59 -0.5276 1.26 0.2311 4.74
0.64 -0.4463 0.64 -0.4463 3.90
0.75 -0.2877 1.30 0.2624 4.33
1.01 0.0100 1.48 0.3920 4.61
0.56 -0.5798 0.26 -1.3471 3.40
0.43 -0.8440 0.85 -0.1625 5.07
0.75 -0.2877 1.50 0.4055 3.98
1.05 0.0488 1.26 0.2311 4.66
0.58 -0.5447 0.73 -0.3147 4.01
0,81 -0.2107 0.88 -0.1278 4.08
0.77 -0.2614 1.68 0.5188 5.89
0.82 -0.1985 1.26 0.2311 4.34
1.13 0.1222 1.56 0.4447 5.50
0.81 ' -0.2107 0.66 -0.4155 5.66
0.98 -0.0202 1.04 0.0392 7.25
0.78 -0.2485 1.64 0.4947 4.45
0.45 -0.7985 0.32 -1.1394 3.15
0.36 -1.0217 0.30 -1.2040 2.33




































































M P ASY 68 84 89 0.65 -0.4308
M P ASY 72 84 86 0.82 -0.1985
M P ASY 78 84 89 0.75 -0.2877
M P ASY 80 84 85 1.32 0.2776
M P ASY 90 84 89 1.14 0.1310
M P ASY 101 84 90 0.49 -0.7133
M P ASY n o 84 90 0.84 -0.1744
M U ASY 49 84 84 0.46 -0.7765
M U ASY 73 84 86 0.65 -0.4308
M U ASY 76 84 88 0.72 -0.3285
M U ASY 81 84 86 0.82 -0.1985
M U ASY 82 84 86 0.55 -0.5978M u ASY 91 84 90 0.69 -0.3711
M u ASY 92 84 90 0.80 -0.2231
M u ASY 100 84 89 0.58 -0.5447
M u ASY 102 84 90 0.51 -0.6733
M u ASY 103 84 90 1.12 0.1133
M u ASY 111 84 90 0.74 -0.3011
M u SY 69* 84 89 0.22 -1.5141






















N F P ASY 116 84 105 0.92 -0.0834 1.70 0.5306 5.17N F P ASY 118 84 106 1.30 0.2624 2.93 1.0750 5.95N F P ASY 121 84 106 1.47 0.:“53 2.42 0.8838 5.50N F P ASY 130 84 105 1.18 0.1655 2.09 0.7372 4.84N F P ASY 202 85 99 1.57 0.4511 1.73 0.5481 5.62N F P ASY 203 85 99 1.25 0.2231 1.77 0.5710 5.49N F P ASY 204 85 100 0.81 -0.2107 2.00 0.6931 4,58N F P ASY 205* 85 100 2.81 1.0332 7.28 1.9851 7.45 dN F P ASY 208 85 101 1.23 0.2070 1.69 0.5247 4.95 wN F P ASY 210 85 101 1.54 0.4318 2.81 1.0332 7.31N F P ASY 211 85 102 1.37 0.3148 1.91 0.6471 6.31N F P ASY 213 85 102 2.64 0:9/08 3.85 1.3481 6.10N F P ASY 214 85 104 3.10 1.1314 3,25 1.1787 5.42N F P ASY 215 85 104 1.40 0.3365 1.96 0.6729 6.94N F P SY 99* 84 103 0.44 -0.8210 0.77 -0.2614 2.40
N F U ASY 201 85 97 0.37 -0.9943 0.84 -0.1744 2.22N F U ASY 206 85 100 0.65 -0.4308 1.96 0.6729 5.36N F U ASY 212 85 102 1.15 0.1398 1.87 0,6259 6.36N F u ASY 217 85 105 0.73 -0.3147 0.84 -0.1744 5.73N F u ASY 218 85 105 1.45 0.3715 1.40 0.3365 6.31N F u SY 93* 84 100 0.37 -0.9943 0.30 -1.2040 2.72N F u SY 200* 85 96 0.68 -0.3857 0.68 -0.3857 4.10





Sitea Sex status*1 Agec ber^
Julian 
Year date
N M P ASY 113* 84 .'94
N M P ASY 115 84 i04
N M P ASY 117 84 105
N M P ASY 119 84 106
N M P ASY 120 84 103
N M P ASY 122 84 106
N M P ASY 131 84 105
N M P ASY 216* 85 104
N M U ASY 123 84 107
N M U ASY 124 84 108
N M U ASY 132 84 108
N M U ASY 134 84 108
N M IJ ASY 135 84 108
N M U ASY 136 84 109N M U SY 133* 84 108
E F P ASY 125 84 116
E F P ASY 127* 84 122
E F P ASY 129 84 122
E F P ASY 139 84 116E F P ASY 141 84 116
E F P ASY 142 84 117
E F P ASY 144 84 122
E F P ASY 147 84 123
E F P ASY 153 84 124
E F P ASY 155 84 124
E F P ASY 160 84 124
E F P ASY 161 84 124E F P SY 137* 84 115E F P SY 145* 84 122
In Largest
Gonad In (gonad Oviduct (oviduct follicle 















2.93 1.07500 6.28 1.83737 9.35
1.26 0.23111 2.39 0.87129 4.62
2.62 0.96317 3.20 1.16315 7.34
3.07 1.12168 6.17 1.81970 11.01
3.89 1.35841 8.67 2.15987 11.42
4.89 1.58719 10.75 2.37491 13.40
5.24 1.65632 13.51 2.60343 15.93
2.47 0.90422 7.03 1.95019 8.24
3.53 1.26130 12.20 2.50144 12.47
6.54 1.87794 13.47 2.60046 18.01
2.64 0.97078 6.40 1.85630 9.84
4.98 1.60543 15.13 2.71668 13.96
1.70 0.53063 3.55 1.26695 7.06




















E F P SY 151* 84 123 1.25 0.22314 3.40 1.22378 6.20
E M P ASY 126 84 116 6.03 1.79675
E M P ASY 128 84 122 3.40 1.22378
E M P ASY 138 84 115 11.40 2.43361
E M P ASY 140 84 116 7.60 2.02815
E M P ASY 143 84 117 8.34 2.12106
E M P ASY 146 84 122 6.95 1.93874
E M P ASY 148 84 123 4.98 1.60543
E M P ASY 149 84 124 7.13 1.96431 c
E M P ASY 150 84 122 5.89 1.77326
E M P ASY 152 84 123 6.00 1.79176
E M P ASY 154 84 124 4.97 1.60342
E M P ASY 156 84 124 9.19 2.21812
E M P ASY 162 84 124 11.10 2.40695
aSite: K = Pool 19 (Keokuk), L = Pools 7, 8, & 9 (La Crosse), N = North Dakota, E = Erickson. 
kPair status: P = paired, U = unpaired, and ? = pair status unknown. 
cAge: ASY = After Second Year, SY = Second Year.
*** = birds excluded from any analysis in the text unless otherwise noted.
affkhdk ii
Table 8. Body composition of canvasbacks collected for this study. Data are presented before and after corrections for variation in























K F P ASY 2 84 61 1175 1191.37 138.982 210.535 211.950 9.9489 9.9489K F P ASY 5 84 67 1325 1371.22 233.582 229.841 233.836 12.9929 12.9929K F P ASY 10 Si 63 1250 1263.22 112.502 219.219 220.361 10.2964 10.2964K F P ASY 14 84 69 1400 1371.62 128.355 223.907 221.454 10.2125 10.2125K F P ASY 16 84 70 1250 1239.30 190.607 221.182 220.257 13.3044 13.3044K F P ASY 20 84 57 975 983.28 91.514 179.715 180.431 7.5536 7.5536K F P ASY 24 84 60 1150 1219.56 139.881 203.999 210.011 8,3960 8.3960K F P ASY 25 84 61 1150 1212.20 151.786 216.612 221.989 13.9345 13.9345K F P ASY 26 84 62 1175 1157.15 49.790 219.098 217.554 12.6658 12.6658K F P ASY 30 84 75 1270 1242.94 162.560 211.744 209.405 8.9253 8.9253K F P ASY 31 84 75 1230 1206.71 156.780 201.990 199.977 11.7253 11.7253K F P ASY 41 84 76 1190 1225.42 130.355 207.546 210,608 13.3464 13.3464K F P ASY 51 84 72 1225 12C9.63 160,789 216.827 215.498 11.5428 11.5428K F P ASY 53 84 75 ] 287 1309.57 156.902 215.261 217.213 11.4761 11.4761
K F P SY 22* 84 60 1150 126.625 202.999 9.5046K F U ASY 1* 84 58 1030
K F U ASY 6 84 69 1350 1332.03 215.556 216.380 215.327 11.5388 11.5388K F u ASY 7 84 70 1250 1225.86 206.754 206.011 205.924 11.2607 11.2607K F a ASY 8 84 71 1250 1252.28 176.406 216.756 216.952 11.6509 11.6509K F u ASY 9 84 71 1150 1160.42 120.199 199.325 200.226 12.2668 12.2668K F u ASY 12 84 68 1150 1156,50 119.531 196.063 196.625 14.4794 14.4794
K F u ASY 13 84 69 1225 1253.28 132.877 214.465 216.909 11.8502 11.8502K F u ASY 18 84 71 1340 1339.91 187.749 212.370 212.361 10.1042 10.1042
























































L F P ASY 67 84 89 1200 1204.16 123.097 209.426 209.786 8,7/78 8.7778L F P ASY 70 84 as 1200 1168.24 54.029 211.467 208.721 9.9538 9.9538L F P ASY 71 84 86 1250 1268.14 102.801 219.377 220.945 12.2438 12.2438L F P ASY 75 84 87 1050 1082.58 18.513 196.037 198.853 12.5873 12.5873L F P ASY 77 84 89 1125 1132.21 53.211 202.042 202.666 12.7511 12.7511L F P ASY 79 84 90 1125 1144.04 31.770 199.349 200.995 13.6175 13.6175L F P SY 89* 84 89 1120 > 138.498 193.275 12.2419L F U ASY 48 84 84 1100 1113.11 80.333 192.728 193.862 12.7989 12.7989L F u ASY 62 84 87 1137 1138.60 58.774 208.852 208.990 14.4431 14.4431L F u ASY 63 84 87 1100 1094.40 60.634 210.563 21C.079 13.1480 13.1480L F u ASY 64 84 87 1025 1086.86 69.986 204.975 206.000 14.1904 14.1904L F u ASY 65 84 88 1087 1125.61 44.674 209.347 212.684 12.9383 12.9383



























L M P ASY 72 84 86 1300 1282.90 161.943 225.760 223.172 13.8184 13.5598L M F ASY 78 84 89 1275 1276.30 125.229 223.355 223.497 15.7021 15.8196L
L




















































N M P ASY .115 84 104 1525 1523.13 195.389 250.436 250.114 16.1182 16.1718N M P ASY 117 84 105 1475 1422.84 182.259 242.634 234.847 13.8835 12.9084N M P ASY 119 84 106 1460 1416.29 237.009 235.431 228.897 13.8815 13.0790N M P ASY 120 84 108 1365 1371.32 144.722 225.903 226.789 14.1525 14.3725N M P ASY 122 84 106 1425 1469.31 202.618 235.065 241.583 12.8250 13.8212N M P .ASY 131 84 106 1400 1407.27 171.693 234.062 235.068 14.9132 15.1525N M P ASY 216* 85 104 1355



























E F P SY 151* 84 123 1105 110.359 197.418 9.9659E M P ASY 126 84 116 1235 1206.97 191.600 214.629 210.420 12.4241 11.9421E M P ASY 128 84 122 1180 1162.52 76.593 204.081 201.438 15.2144 14.9481E M P ASY 138 84 115 1200 1240.01 107.494 229.325 235.207 14.6180 15.5265E M P ASY 140 84 116 1275 1282.21 133.444 234.684 235.701 16.2400 16.4781E M P ASY 143 84 117 1250 1251.43 100.677 226.934 227.094 18.1063 18.2263E M P AT 146 84 122 1200 1221.02 87.620 212.896 215.962 16.3199 16.8404E M P ASY 148 84 123 1362 1378.06 184.984 234.203 236.533 11.6226 12.0416E M P ASY 149 84 124 1250 1264.06 128.316 213.656 215.689 12.1537 12.5318E M P ASY 150 84 122 1330 1351.79 214.993 227.503 230.683 10.4947 11.0309E - M P ASY 152 84 123 1180 1213.42 105.095 216.193 221.097 16.4820 17.2558E M P ASY 154 84 124 1345 1333.82 121.148 220.959 219.248 13.7447 13.6069E M P ASY 156 84 124 1360 1343.09 121.890’ 232.893 230.333 15.8683 15.6137E M P ASY 162 84 124 1362 1369.24 144.040 219.570 220.590 15.2246 15.4633
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